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This invention relates to a system for determining the 
eccentricity and thickness of insulating covering on a 
metal tubeor sheath and particularly to a system utiliz~ 
ing an A. C. impedance bridge for making such deter 
minations. 

In the manufacture of cables covered with insulating 
material such as polyethylene, due to the unavoidable 
variations in the thickness of the material applied, a seri 
ous problem has been the control of the eccentricity and 
thickness of this covering. Eccentric cables are subject 
to breaking when bent as a result of the peculiar con 
centration of strains on the thinner sides; excessive thick 
ness results in wasting an expensive material as well as 
adding weight while insufficient thickness decreases the 
life and also the mechanical strength of the cable. 
To applicant’sknowledge, no reliable non-destructive 

system or method has been available for measuring ec 
centricity and thickness for controlling the application of 
the material on the cable. 
Known systems utilizing capacitance measurements 

have not been practicable for making these measurements 
during‘ the processing of the cable since the equipment 
used to form the metal sheath cannot be isolated from 
ground potential so that only capacitance to ground 
measurements are involved. In known circuits, grounded 
capacitance measurements are inherently subjected to 
large errors as a result of stray capacitances to ground, 
large residual capacitances of the measuring circuit and 
variations in the leads. - 

‘It is, therefore, the principal object of this invention 
to provide a stable system for making eccentricity and 
thickness measurements accurately by using capacitance 
to ground measurements. 

Applicant accomplishes his object by utilizing a system 
in which two probes or electrodes are positioned on op 
posite sides of the cable whereby each of these electrodes 
have a capacitance to the metal sheath of the cable, and 
therefore to ground, which is a function of the thickness 
of the insulating covering. These probes are slidably 
positioned against the cable so that the measurements 
may be made continuously while the cable is being proc 
essed. The above mentioned two capacitances form two 
arms of an A. C. impedance bridge having a phase sensi-. 
tive indicator circuit. The effects of the stray capacitance 
to ground and vother sources of instability are eliminated 
by providing a neutral electrode in the form of shielding 
extending around the bridge arms and electrodes and 
connecting this shielding to the high potential terminal 
of the indicating circuit. Eccentricity of the insulating 
covering is indicated by an unbalance of the bridge due 
to the different capacitances existing between the two 
electrodes and the grounded metal sheath since‘ ‘the 
capacitance of each arm is a function of the thickness 
of the insulating covering between its electrode and the 
metal sheath. 
The variation in the thickness of the insulating cov 

ering from a predetermined standard thickness is obtained 
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by slightly modifying the above system. Since the capaci 
tance between the electrode and the metal sheath is in 
versely proportional to the thickness of the insulating 
covering, a shielded grounded standard condenser is sub-t 
s‘tituted for one of the electrodes and the indicating 
means are calibrated to read the variations in thickness 
of the covering directly. ~ 

Other objects and advantages will be apparent from 
the following detailed description taken in conjunction 
with the accompanying drawing, in which: 

Fig. 1 is a schematic diagram of a system embody 
ing the invention; 

Fig. 2 is a vector diagram to be used with the ex 
planation of the phase discriminator circuit of Fig. 1; 
and 

Fig. 3 is a modi?cation'of the bridge portion of Fig. 1 
to adapt the system for measurements of thickness. 

Referring now to the drawing, Fig. 1 discloses a four 
terminal A. C. impedance bridge having terminals A, B, 
C and D. This bridge is supplied with alternating cur 
rent fromthe oscillator source 1, having a frequency of 
about 10 kilocycles, through transformer 2 to the A.-C. 
corners of the bridge. This transformer is wound so that 
the secondary windings 4 and 5 are exactly equal and 
nearly perfectly coupled so that potentials induced from 
the primary into windings 4 and 5 will be equal in mag 
nitude and phase; furthermore, because of the high de 
gree of coupling between windings 4 and 5, capacitances 
shunting either of these secondaries will have a negligible 
effect on this potential balance. The other two branches 
of the bridge, A—D and C-—D, comprise the eifective 
capacitances 19 and 20 respectively between the elec— 
trodes or probes 9 and the grounded metal sheath 7 of 
the cable 6, the dielectric of the effective capacitances 
being the insulating covering 8 of the cable. These 
probes are preferably of the type disclosed in copend 
ing application, Serial No. 308,878, ?led by B. M. 
Wojciechowski on even date herewith. A shielding 18, 
connected to the B corner of the bridge, surrounds the 
ratio arms, the probes 9 (except for the contacting sur 
faces) and the connecting leads 27 and 28. This shield 
ing arrangement reduces the stray admittances-to-ground 
from the measuring electrodes 9 to an insigni?cant 
quantity. The admittances from the measuring electrodes 
9 to the B shielding 18 are not critical since these ad 
mittances ‘appear across the coil branches of the bridge 
and as a result of the close magnetic coupling between 
these arms, any loading effects across them are sym 
metrically re?ected at the A and C corners of the bridge, 
therefore, essentially not affecting the bridge balance. 
Stray admittances from the B shielding-18 to ground, 
appear across the opposite corners B and D, the detector 
diagonal, and therefore, they also have negligible effect 
on the circuit balance. 

In the bridge described above, not only are the re 
sidual capacitances between the measuring electrodes 9 
and ground reduced to a desirable minimum (actually 
below one micromicrofarad, including the e?ects of the 
associated networks) but also any adverse capacitance 
effects of the cables 27 and 278 are practically eliminated, 
even though these cables may be many feet long. 
The indicator connected across the B—D diagonal of 

the bridge is a phase sensitive detector system which 
indicates both the amount and direction of unbalance 
deviation needed for determining the degree of eccen 
tricity. This indicator comprises a phase discriminator 
circuit 21 having a reference voltage f-g supplied across 
the "balanced secondary winding of transformer 3 from 
oscillator v1 (which supplies the alternating current ‘to 
the bridge) through an adjustable phase shifter 10. 
Across this secondary winding, are connected the grids 
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of two vacuum tubes 13 and 14 respectively, biased close 
to the cut-off point (by selection of suitable cathode re 
sistors 29). In another A. C. path, the unbalance signal 
from the bridge network (B——D diagonal) after ampli? 
cation in a high stability A. C. ampli?er 11, is applied 
to the center point h of the transformer 3, across the 
grounded resistor 12. As can be seen on the vector 
diagram of Fig. 2, the potentials f—~j and j-g which are 
applied across the grid circuit of the vacuum tubes, 
represent the sum or difference, respectively, of half of 
the reference potential h—f or g-h and the unbalance 
potential h—j. Depending upon the phase angle be 
tween the reference and the unbalanced potentials, one 
of the two vacuum tube grids will receive a voltage 
amplitude higher than the other causing a D. C. un 
balance of corresponding polarity across the plates of 
these discriminator tubes 13 and 14. This D. C. un 
balance is ampli?ed in a D. C. ampli?er 15 which isolates 
the discriminator from the attenuator 23 and recorder 
type indicator 17. 
The use of the attenuator network 23 together with 

the A. C. ampli?er 11 between the bridge and discrimi 
nator circuits increases the stability of the system so 
that zero and non-linear drifts, inherent with the D. C. 
ampli?er 15 in the output of the discriminator circuit 
are minimized. The unbalance signal is ampli?ed, in 
excess of conventional need, as an A. C. signal in the 
ampli?er 11 which is highly stabilized by feedback. 
Then, after the signal is transformed and ampli?ed as 
a D. C. polarized signal, it is subsequently attenuated 
to bring the signal level down, thereby minimizing the 
error of the D. C. ampli?er 15. 
By adjusting the phase shifter 10 properly, the un 

balance signal coming from the bridge as a result of 
capacitance unbalance is oriented in phase with the ref 
erence potential g—f at the input of the discriminator 
tubes 13 and 14. Under this condition, the conductance 
sensitivity of the discriminator is very low and at the 
same time high capacitance sensitivity is maintained. 

For convenience in making phase adjustments, a con 
ventional recti?er type null indicator 16 is provided. 
The system as described may be used to indicate 

eccentricity directly simply by calibrating the zero center 
indicator means. Two test sets of this type may be used 
for making observations of the cable eccentricity in axes 
normal to one another. 

In order to utilize the same system for making thick 
ness measurements, the bridge circuit is modi?ed as 
shown in Fig. 3. In this circuit, a grounded standard 
condenser 22 is connected in the A—D branch in place 
of the electrode 9 of the A——D branch of Fig. l. The 
indicator 17 may then be calibrated to read thickness 
variations directly. 

Although the basic bridge and phase discriminator cir 
cuits have been described as a particular type, it is, of 
course, possible to use circuits other than those described 
and still utilize the principles of the invention. It is, 
therefore, to be understood that the above described 
arrangements are simply illustrative of the application 
of the principles of the invention. Numerous other ar~ 
rangements may be readily devised by those skilled in 
the art which will embody the principles of the inven 
tion and fall within the spirit and scope thereof. 
What is claimed is: 
l. A system, for measuring the eccentricity of an 

insulating sheath on a metal tube which is at substan 
tially ground potential, comprising a pair of stationary 
electrodes mounted in spaced positions on the sheath, 
connections between the electrodes and a source of alter 
nating current forming an impedance bridge in which 
the capacitances between the electrodes and the metal 
tube are respectively two adjacent bridge arms, a phase 
discriminating indicator circuit connected between the 
junction point of the other two arms of the bridge and 
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the metal tube, and an electrostatic shield for the bridge 
electrically connected to the junction point. ' 

2. In a system for measuring the eccentricity and 
thickness of an insulating sheath on a metal tube which 
is at substantially ground potential, at least one station 
ary electrode slidably mounted on the sheath, a 4-termi 
nal alternating current impedance bridge comprising a 
?rst pair of adjacent arms which are capacitance arms 
whose junction is at ground potential, the capacitance 
of at least one of said arms being the capacitance be 
tween the stationary electrode and the metal tube, a 
second pair of adjacent impedance arms serially con 
nected to the ends of the ?rst pair, an electrostatic shield 
for the bridge electrically connected to the junction point 
between the arms of the said second pair, a phase sensi 
tive detector connected between the said two junctions 
and a source for applying alternating potential to the 
junctions connecting the two pairs of arms. 

3. A system according to claim 2 having in the output 
of the detector, a D. C. ampli?er, a high gain A. C. 
ampli?er connected between the bridge and the detector, 
an indicator operated by the output of the D. C. ampli?er 
and an attenuator between the D. C. ampli?er and the 
indicator for minimizing the error due to the drift in 
herent in the D. C. ampli?er. 

4. A phase sensitive detector for an A. C. bridge, said 
bridge having input and output terminals, a source of 
alternating potential connected to the input terminals, 
said detector comprising a balanced phase discriminator 
circuit, a high gain A. C. ampli?er connected between 
the said output terminals and the discriminator, a D. C. 
ampli?er in the output of the discriminator, an indicator 
operated by the output of the D. C. ampli?er and an 
attenuator between the D. C. ampli?er and the indicator 
for minimizing the error due to the drift inherent in 
the D. C. ampli?er. 

5. In a system for measuring the thickness of an in 
sulating sheath on a metal tube which is at substantially 
ground potential, a stationary electrode slidably mounted 
on the sheath, a 4~terminal alternating current impedance 
bridge comprising a ?rst pair of adjacent arms which are 
capacitance arms whose junction is at ground potential, 
the capacitance of one of said arms being the capacitance 
between the stationary electrode and the metal tube, the 
other capacitance being a ?xed condenser, a second pair 
of adjacent impedance arms serially connected to the ends 
of the ?rst pair, an electrostatic shield for the bridge 
electrically connected to the junction point between the 
said second pair, a phase sensitive detector connected 
between the said two junctions and calibrated to indicate 
the amount of thickness variations of the sheath. 

6. A system according to claim 5 having in the output 
of the detector, a D. C. ampli?er, a high gain A. C. ampli 
?er connected between the bridge and the detector, an 
indicator operated by the output of the D. C. ampli?er 
and an attenuator between the D. C. ampli?er and the 
indicator for minimizing the error due to the drift in 
herent in the D. C. ampli?er. 

7. In a system for measuring the thickness of a moving 
insulating layer on a metal body which is at substantially 
ground potential, a stationary electrode positioned over 
the layer, a 4-terminal alternating current impedance 
bridge comprising a ?rst pair of adjacent arms which are 
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capacitance arms Whose junction is at ground potential, 
the capacitance of one of said arms being the capacitance 
between the stationary electrode and the metal body, the 
other capacitance being a ?xed condenser, a second pair 
of adjacent, closely coupled transformer impedance arms 
serially connected to the ends of the ?rst pair, an elec 
trostatic shield for the bridge electrically connected to 
the junction point between the said second pair, and a 
phase sensitive detector connected between the said two 
junctions. 

8. In a system for measuring the eccentricity and thick 
ness of a moving insulating sheath on a metal tube which 
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is at substantially ground potential, at least one station 
ary electrode positioned over the sheath, a 4-terminal 
alternating current impedance bridge comprising a ?rst 
pair of adjacent arms which are capacitance arms whose 
junction is at ground potential, the capacitance of at 
least one of said arms being the capacitance between the 
stationary electrode and the metal tube, a second pair 
of adjacent, closely coupled transformer impedance arms 
serially connected to the ends of the ?rst pair, an elec 
trostatic shield for the bridge electrically connected to 
the junction point between the arms of the said second 
pair, a phase sensitive detector connected between the 
said two junctions and a source for applying alternating 
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potential to the junctions connecting the two pairs of 
arms. 
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